A technique for recording a three-lead electrocardiogram (ECG) without increasing the number of channels and electrodes in a commercially available two-channel Holter recorder was devised. On channel 1, a V5-like lead (CM5 lead) was recorded for 24 consecutive hours. On channel 2, the device could switch continuously between a V2-like lead (CM2 lead) and a II-or III-or aVF-like lead (CMf lead) every 30sec.
SUMMARY
A technique for recording a three-lead electrocardiogram (ECG) without increasing the number of channels and electrodes in a commercially available two-channel Holter recorder was devised. On channel 1, a V5-like lead (CM5 lead) was recorded for 24 consecutive hours. On channel 2, the device could switch continuously between a V2-like lead (CM2 lead) and a II-or III-or aVF-like lead (CMf lead) every 30sec.
Fifty eight patients with angina pectoris were studied using this new device. There were 2 patients with variant angina pectoris, one of whom showed ST elevation in the CM2 lead coupled with ST depression in the CMf lead and the other ST elevation in the CMf lead coupled with ST depression in the CM2 lead. The number of patients having ST depression confined to the CM5 lead only, CM2 lead only and CMf lead only was 17, 2 and 3, respectively. In 41 patients, 127 transient episodes of ischemic type ST changes were observed during daily activity. Only 35 (28%) of these episodes were associated with anginal symptoms and the remaining 92 episodes occurred unrelated to such symptoms. Accordingly, 3-lead Holter monitoring using this device is useful, particularly for the detection of variant angina, and makes it less likely for asymptomatic ischemic ST changes to be overlooked as compared to the 2-lead conventional Hotter monitoring system. patients with abnormal ST segments at rest. 5) In unselected patients with ischemic heart disease, there is the possibility of missing significant ischemic ST changes due to the limited number of leads when a two-channel Holter monitor is used. If the number of channels could be increased in the commercial recorder, this problem would be solved. However, in so doing, the recorder and analyzer may become more expensive and more complicated.
In this paper, we devised a new apparatus for recording a 3-lead electrocardiogram (ECG) without increasing the number of channels and electrodes in the commercial 2-channel Holter recorder.
MATERIALS AND METHODS
1) The device A two-channel Holter ECG recorder (Avionics Co., Model 447) was used. On channel 1, the CM5 lead (positive electrode: V5 in standard 12-lead ECG; negative electrode: manubrium sterni) was selected in order to record a V5-like ECG for 24 consecutive hours. On channel 2, the new apparatus described below was applied.
As shown in Fig.1A , electrode 'a' was placed on the V2 position of a 12-lead EGG and electrode 'b' on the intersection of the ninth rib and anterior axillary line. Electrode 'c' was placed on the manubrium sterni. ECGs similar to the V2-(or V3-) like lead (CM2 lead) and the II-(or IIIor aVF-) like lead (CMf lead) were recorded by obtaining the electrical differences between electrodes 'a' and 'c' and those between electrodes 'b' and 'c', respectively. Fig.1B shows the schema of input ports for electrode cords in the recorder. Ports 'X' and 'Y' were used for recording a CM2-like lead. Ports ' a', 'c' and 'b' were used for the new system. Ports 'a', 'c' and 'b' (Fig.1B) were connected with the cords from electrodes 'a', 'c' and 'b' (Fig.1A) , respectively. Electrode 'b' was used as the ground when an electrical difference between electrodes 'a' and 'c' was recorded. In a similar fashion, electrode 'a' was used as the ground when the electrical difference between electrodes 'b' and 'c' was recorded. Fig.2 shows a diagram of the apparatus. The oscillator generated rectangular pulses at 70 cycles/s. The frequency of the pulses was reduced by the divider and changed into four kinds of rectangular pulses with widths of 15, 30, 60 and 120sec. Any one of the four pulses can be selected as needed. In this study, a pulse with a 30sec interval was selected.
The pulses produced by the divider entered analog switches 2 and 4 with a positive wave (A pulses). The pulses reduced by the divider were changed into negative pulses by the inverter and entered analog switches 1 and 3 (B pulses). During and just after exercise, deteriorating ST depression in the CM5 and CMf leads of the Holter system (A) was observed. The former ST depressions corresponded to the ST depressions in the V5 lead (inclusive of V6) and the latter ones to those in the inferior (II, III and aVF) lead of the 12-lead system (B). The configurations and depths of ST segment changes on the Holter system closely resembled those on the 12-lead system. In this patient, the artifact deviations of the Holter ECG baseline at the switching points (shown by the arrows) were larger than those in the previous case. However, these deviations returned to the preswitching levels within no more than approximately 1sec. The star appears regularly every minute with this equipment (lower panel of A). Fig.6 shows a 3-lead Holter ECG recording during exercise in a 43 year old male patient with old infero-postero-lateral myocardial infarction. During and after exercise, marked ST depression in the CM2 lead was observed only with the Holter system. The artifact deviations of the Holter ECG baseline at the switching points were minimum in this patient. Simultaneous ECG recordings of the 3-lead Holter method (A) and the conventional 12-lead system (B) during treadmill exercise testing obtained from a 61 year old male patient with old antero-septal myocardial infarction. Marked ST depressions during and just after exercise are observed in the CM5 and CMf leads on the Holter system (A) and in the V5 (inclusive or V6) and inferior leads (II, III and aVF leads) on the 12-lead system (B). CH1: channel 1, CH2: channel 2. the CMf lead. These ST changes were recorded during sleep and caused the patient to wake because of chest pain. Nifedipine (10mg, 4 times daily) was very effective in treating his anginal symptoms and there were no ST elevations in any Holter monitoring done after treatment was started.
In 41 of the 58 patients who underwent 3-lead Holler monitoring throughout a 24 hour period, transient positive ST changes were observed in one or more leads among the CM2, CM5 and CMf leads. There were 2 cases with variant angina. In one, ST elevation was observed in the CMf lead while ST depression occurred in the CM2 lead. In the other case, ST elevation was observed in the CM2 lead, while ST depression occurred in the CMf lead.
ST depression was observed in the CM2 lead in 6 of the 58 patients, in the CM2 lead in 39 of the patients and in the CMf lead in 22 of the patients (Fig.8) . In 17 patients ST depression was recorded in both the CM5 and CMf leads. The CM5 lead showed more marked ST depression than the CMf lead in 10 patients, while the CMf lead showed more marked ST depression than the CM5 lead in 5 patients. In 2 patients the degree of ST depression was similar in both leads. There were 2 patients with variant angina who had ST changes in both the CM2 and CMf leads as previously mentioned. In 3 patients ST depression was recorded in all 3 leads. All of them had the most marked ST depression in the CM5 lead.
In 41 of the 58 patients, 127 transient episodes of ischemic type ST changes were observed during usual daily activity or during treadmill exercise testing. Only 35 (28%) of these episodes were associated with anginal symp- Papers by Biagini et al9) and Nademanee et al10) showed that it took at least a few minutes after the onset of ST changes for chest pain to be produced. We compared the duration from the beginning of the ST depression to the maximum change between ischemic and postural ST depressions using our posture sensor11) during Holter monitoring. Durations of more than 1min were observed in the majority of cases of ischemic ST depression (88%).12) It is believed, therefore, that ischemic ST depression will not be missed by switching the leads of the ECG recording every 30sec. If necessary, one of the four pulses with widths of 15, 30, 60 and 120sec can be selected in our device.
In some patients, slight deviations of the ECG baseline were observed in switching from one lead to another. The degree of this deviation differs among individuals and over time even in the same individual. However, the majority of these deviations returned to the preswitching level within 1sec, and there were no cases in which this took more than 3.2sec. Therefore, such artifacts are not considered to present clinical or controversial problems in detecting ischemic ST changes.
As already discussed in this paper, at least 3 leads on the Holter system are necessary to detect ST elevations in patients with variant angina. The necessity of 3 or more leads in the Holter system in order to detect ST depression has not been previously reported or discussed.
In the present study, ST depression confined to the CM5 lead only, the CMf lead only and the CM2 lead only was observed in 17, 3 and 2 patients, respectively. Had we selected only 2 leads using the 2-channel Holter system, we would have missed some instances of ST depression.
Tzivoni et al5) reported the high sensitivity and specificity of a 2-channel Holter recording system with bipolar V3-and V5-like leads in the detection of ischemic ST changes. However, the Holter system in their series was insensitive in recording ischemic changes confined to the high lateral wall, where ECGs show ST depression only in leads I and aVL on the 12-lead ECG system. Our device may detect ischemic changes which appear in the high lateral wall when an additional third lead is placed on the skin there.
In this study, 92 (72%) of 127 ischemic changes were not associated with anginal symptoms. Schang et al13) reported that 411 transient episodes of ischemic ST depression were noted during normal daily activities and that only 101 of them (25%) were associated with angina. Biagini et al9) reported that, in unstable anginal patients, 88% of transient ST changes observed during Holter monitoring were either characterized by complete absence of symptoms or by only ill-defined sensations. Furthermore, they performed coronary arteriography during asymptomatic ST-T changes, and, in 6 of 8 patients, the changes were associated with complete or incomplete coronary spasm. We reported that ischemic ST-T changes occurred in 16 of 22 patients (73%) with unstable angina when they were instructed to wash themselves vigorously for several minutes with a hot, wet cloth. However, only 5 of the 16 changes were associated with angina.14)
Recently, multichannel Holter equipment in which 3 independent ECG channels are recorded simultaneously have been commercially available (Nihon Koden, DMC-3153; Suzuken, Kenz-Cardiorec 301). However, our technique using 3 leads is quite different from theirs. Our technology allows the recording of the 3-lead ECG on a 2-channel recorder using 5 electrodes while their equipment has 3 tracks and 7 electrodes. In addition, our device is very simple and could easily connect to any conventional 2-channel Holter recorder.
Thus, our new technique is useful, particularly in the detection and diagnosis of variant angina, and makes it less likely that asymptomatic ischemic ST changes are overlooked as compared to the conventional 2-lead Holter monitoring method.
